Context: We aimed to develop a new tool for assessing and depicting the applicability of the results of surgical randomized controlled trials (RCTs) from the trial investigators' perspective.
Introduction
In surgery, the results of a randomized controlled trial (RCT) cannot be relevant to all patients and all settings [1] , and the intervention should probably not be performed by all surgeons, whatever their expertise [2] . Consequently, transposing the results of research to clinical practice requires an adequate assessment of the applicability of trial results, also named external validity, or generalizability [3] . Assessing applicability supposes determining to whom, how and under what conditions the results of the trial should be applied.
However, assessing the applicability of trial results from the published article is challenging, if not impossible. In fact, applicability is a complex and multidimensional concept [4] , [5] , [6] and depends on participant recruitment and characteristics, participating centers and surgeons, and how all the different components of the intervention were planned and actually implemented. Therefore, determining from only the content of a report how an intervention should be implemented in clinical practice is difficult. Indeed, descriptions in journal articles may obscure some aspects of the interventions performed in the trial. Indicating in the text of a report the difficulties of some technical aspects of the procedure may not be possible. Similarly, the text of the report may not adequately convey the complexity of pre-operative and post-operative care in a surgical trial. Assessing applicability implies knowing exactly how the study was actually conducted, which can be extremely difficult for someone who did not participate in the trial. Further, despite reporting guidelines aimed at improving transparency [7] , data necessary to appraise applicability are lacking in most reports [8, 9, 10] . Therefore, consistently determining the applicability of the results of a trial assessing surgical procedures only from the publication is problematic.
To overcome these important issues, we propose a new paradigm. Our hypothesis is that investigators and healthcare providers who participate in a trial are in an important position to appraise the applicability of their trial results, that is, determine for whom and how the intervention could be implemented in clinical practice. Consequently, instead of focusing only on improving transparency in published reports, we propose a tool to allow for an ''investigator-reported assessment and depiction'' of applicability.
Materials and Methods
The new tool aims at assessing and depicting the applicability of the results of a trial from the trial investigators' perspective. We focused on surgical trials. The tool is an investigator-reported assessment of the applicability of trial results. The investigators assess and depict the conditions related to the patients, centers, surgeons and the intervention that need consideration from their point of view before applying the results of their surgical RCT in clinical practice.
To develop the tool, we identified all items related to applicability relevant to medical and surgical trials by a systematic methodological review, and then a sample of surgeons used these items in a web-based survey to evaluate the applicability of their own trial results.
Identification of relevant applicability items
We performed a systematic review of articles in Medline via PubMed and the Cochrane Methodology Register to identify the most relevant items for applicability. The search strategy is available in the text S1. The titles and abstracts of retrieved citations were screened by one of us (I.T.).
An article was included if the study was published in English and was identified as a methodological study assessing applicability or a study assessing any treatment and discussing applicability.
From all selected articles, one of us (I.T.) extracted all items of applicability relevant to medical and surgical trials. Among the domains affecting applicability [7, 11, 12] (patients, intervention, comparators, centers, surgeons and outcomes), we selected only items related to patients, centers, surgeons and the intervention. We did not consider the domains of applicability related to choosing the outcome and the comparator because this judgment can probably be better evaluated by the reader and do not depend on the actual conduct of the trial. Two authors (IT, IB) excluded duplicate items and synonymous terms and classified all items into domains (patients, surgeons, centers and the intervention). Then, we reworded the items to build the questionnaire. After that, the questionnaire was pilot tested by a panel of surgeons and methodologists to revise questions for clarity.
Identification of participants
We aimed to identify authors of published RCT results and investigators of ongoing RCTs.
We The web-based survey All authors and investigators were invited by e-mail to participate in a web-based survey about the applicability of the results of their own trial in clinical practice. They received a personal login to the Web site (http://www.nonpharmacological. com/Survey/Page1.php), and if they agreed to participate, they completed the online questionnaire we developed (available upon request).
The web survey was built on 4 pages, one page dedicated to each domain: 1) patients, 2) centers, 3) surgeons and 4) the intervention. Two reminders to complete the survey were sent by e-mail to nonresponders on days 4 and 14.
All questions related to each domain were built on the same pattern: Surgeons could also indicate any other items that were not listed but were deemed important in the context of their own trial. For each item, participants had to answer on a numerical scale [1 to 9] that was then simplified according to the scale tertile in a threeitem scoring system: 1) items essential to consider before applying the RCT results to clinical practice; 2) items requiring attention before applying the results to clinical practice; and 3) items inconsequential to applying the results to clinical practice.
The web survey also asked questions about demographic data of participants (age, sex, area of specialty), whether they worked in a university hospital, the number of surgical RCTs they had been involved in, and the number of surgical RCTs for which they were principal investigator.
Answers for authors who completed the survey but were not surgeons (e.g., methodologists, other clinicians, physiotherapists) were excluded because we wanted to have a homogenous sample of participants. Further, if several surgeons participating in the same trial completed the survey, we considered the answer of only 1 of the surgeons by choosing 1) the corresponding author when possible or 2) a randomly chosen author.
Only items rated as being essential or as requiring attention before applying the results to clinical practice for more than 25% of the trials were selected in the final tool.
Reproducibility in assessing the applicability of results of surgical RCTs
We analyzed the reproducibility of the applicability assessment by 2 surgeons involved in the same trial who completed the survey. If more than 2 surgeons completed the survey, we randomly chose one pair. Therefore, data for only pairs of surgeons were analyzed, apart from missing data, to determine the reproducibility.
Statistical analysis
Categorical variables are described with frequencies and percentages and quantitative variables with means (standard deviation) or medians (interquartile ranges). We used the rate of agreement with 95% confidence intervals (95% CIs) to determine the level of reproducibility. We defined agreement as a difference of #3 rating on the [1 to 9] numerical scale between the 2 investigators. Data analysis involved use of SAS v9.1 (SAS inst., Cary, NC).
Ethics
Of note, this study was conducted in France, and according to French legislation, ethical approval for the study by an ethics committee was not necessary because we did not include any patients and we did not perform any experiments. We only conducted an online survey where participants of this survey were informed of the aim of the survey. We did not explicitly obtain informed consent because we considered that if the participants took time to complete the survey, it implied that they consented to participate in this study.
Results

Participants
The flow chart of participants through the study is in Figure 1 . The search strategy identified 2,225 RCTs (2,119 with published results and 106 ongoing): 355 RCTs were eligible for analysis (317 with a full text and 38 ongoing). In total, the survey was completed by at least 1 surgeon for 148 RCTs (132 published RCTs and 7 ongoing RCTs).
Of the 148 surgeons, 86% were male, and the mean (SD) age was 44 (10) years; 72% were working in a university hospital (Table 1 ). About half of the surgeons (51%) were orthopedic or gastrointestinal surgeons. In total, 95% of surgeons had partici- Applicability of Surgical Trials PLOS ONE | www.plosone.orgpated in at least 2 surgical RCTs, and 52% had been principal investigator of a surgical RCT.
Development of the applicability tool
From the literature search, we selected 25 items for the webbased survey: 7 items were related to patients, 5 to centers, 5 to surgeons and 8 to the intervention (the detailed checklist is available upon request). The results of the survey are summarized in Table 2 .
1)
Patients. For more than 80% of the trials, surgeons did not consider sex, socioeconomic status or ethnicity as affecting the applicability of the results of a surgical RCT. However, the age of patient was considered essential or requiring attention for one-third of the trials and weight, severity of disease, co-morbidities and co-medications for about 40%.
2)
Centers. For about one-third of the trials, surgeons considered items related to the center's setting, the center's diagnostic facilities, and the country location of the center essential or requiring attention in terms of the applicability of trial results. Items dedicated to the center's surgical volume and medical infrastructure were considered essential or requiring attention for 49% and 41% of the trials, respectively.
3)
Surgeons. For more than 60% of the reports, all items related to the surgeon were considered essential or requiring attention for the applicability of trial results. Moreover, for one-third of the trials, the surgeon's years in practice and surgeon's volume for the procedure were considered essential; for about 40% of the trials, the surgeon's professional qualification and level of skill were considered essential, and for half of the trials, specific training was essential.
4)
Intervention. The relevance of items dedicated to the intervention varied. Items such as preoperative care, anesthetic management and intensive care were considered essential for 23%, 19% and 11% of the trials, respectively. Items related to postoperative care and quality of the collaboration were considered essential for 36% and 40% of the trials, and use of specific equipment, standardization of patient management, and follow-up organization were considered essential for more than half of the trials.
Reproducibility in assessing the applicability of results of surgical RCTs
We obtained 40 trials for which at least 2 surgeons answered the survey. Table 3 presents the rate of agreement for all items of the survey. The rate of agreement was between 76% and 90% for patients, 68% and 82% for centers, 53% and 68% for surgeons and 58% and 75% for the intervention. Proposal for the investigator-reported graphical tool and process of construction
In the final tool, we selected only items that were rated as essential or requiring attention for at least 25% of the trials. Consequently, the items dedicated to patient sex, socioeconomic status, and ethnicity were excluded. The final tool, provided in Table 4 , contains 22 items: 4 dedicated to patients, 5 to centers, 5 to surgeons and 8 to the intervention. Further, investigators did not propose new items that were not in the initial checklist, and no new item was added.
We propose that the tool should be used as described in Figure 2 . In a first step, investigators or other healthcare providers participating in the trial could independently determine for each item whether the results of their trial could be transposed to any patient, any center or any surgeon and to identify components of their intervention they consider essential for the applicability of their trial results. In a specific context, other items considered important for applicability could be added to some domains of the tool. We propose a multidisciplinary assessment (surgeons, anesthetists etc.) to obtain an assessment of the applicability of trial results from different perspectives, not just the surgeon's perspective. Then, in a second step, a consensus method (eg, Delphi consensus method) could be used to achieve consensus on the different assessments of the applicability of the trial results. Finally, the investigators could depict their assessment of the applicability of the trial results in a figure. The results could be summarized in 4 graphs related to 1) patients, 2) centers, 3) surgeons and 4) the intervention. Figure 3a and 3b are examples of the applicability of results of 2 RCTs. The first example is an RCT comparing laparoscopic and open surgery for colorectal cancer with low applicability of results. For example, when considering items related to the intervention, the figure shows high applicability related to the use of specific equipment or the follow-up organization but that the pre-operative care, standardization of patient management, quality of collaboration, and post-operative care are essential to consider before applying the results in clinical practice. The process of developing this tool should clearly appear in the figure. For example, in this case, 1 surgeon and 2 anesthetists involved in the trial achieved consensus. The second example is an RCT comparing cemented versus uncemented hemiarthroplasty for displaced femoral neck fracture. The assessment of applicability was achieved by consensus among 20 surgeons and 10 anesthetists involved in the trial. This RCT presents high applicability, with only a few items such as the use of specific equipment or the involvement of surgeons with specific training and volume being essential to consider and requiring specific attention, respectively, before applying the results in practice. A table with justifications for items considered essential or requiring attention before applying the results in clinical practice could be reported with the figure. 
Discussion
We developed a tool to assess and represent the applicability of results of surgical RCTs from the investigators' perspective. This tool includes 22 items: 4 items related to patients, 5 to centers, 5 to surgeons and 8 to the intervention. This tool aims at describing the items that should be considered before applying the results of surgical trials in clinical practice. Of course, the interpretation of the applicability of the research results by readers of this tool implies keeping in mind that the decision to implement or not the results into clinical practice depends highly on the level of evidence of the research.
Understanding the determinants of the applicability of results of an RCT requires clinical rather than statistical expertise [11] . Consequently, the investigators and other care providers who participated in the trial should be in a good position to adequately appraise and depict the applicability of the results of their own trial. The tool should be used similar to reporting guidelines such as the CONSORT checklist [13] . This usage supposes that investigators and authors of manuscripts change their behavior and agree to complete the tool. As for all reporting guidelines, this tool will need to be endorsed and implemented by journal editors.
This new graphical tool should have several advantages. First, it is the first tool allowing for an appraisal and depiction of the applicability of results of a surgical trial. Second, the appraisal results from consensus of a multidisciplinary team, which allows for taking into account different perspectives in the assessment of applicability. This process is particularly useful to take into account the important subjectivity of the assessment of applicability of a trial's results. Third, the applicability will be assessed by people participating in the trial and consequently having a clear understanding of how the trial was actually planned and conducted. Fourth, the assessment will not depend on the adequate reporting of all the data necessary to appraise the applicability. Fifth, the tool could also have a pedagogical impact in that it will force investigators to question the applicability of their results. Finally, this tool will overcome the issue of the poor quality of reporting in surgery articles [14, 15] : the investigator will be transparent and present the assessment of applicability using a specific figure. This presentation will allow reviewers and other experts to challenge authors about their assessment before or after publication.
This new tool also has some limitations. First, the search strategy to identify external validity items was not exhaustive; however, surgeons had the opportunity to add important items. Second, some items may be missing, such as the country of practice of investigator, which can be particularly important in some contexts. However, the investigator can add some new items in the tool according to their context. Third, this tool provides for an assessment and depiction of the applicability of surgical RCT results at the time of their publication and may need an updated assessment with time. In fact, the notion of applicability is a dynamic concept that changes with time. A novel technical procedure performed only in a super-specialized center will not have the same level of applicability 10 years later, when the practice of surgeons, their habits and the infrastructures of centers have adopted this new technique. Surgeons may have difficulty taking into account what they already know about the intervention when learning new information from a study report. For example, endoscopic surgery for cholecystectomy was originally a confidential technique performed by expert surgeons in specialized centers. Several years later, it became a widespread technique in most centers performing gastrointestinal surgery. Further investigators completing the tool may have some conflict of interest or particular hunches related to the applicability of their trial results. The use of this tool will force authors to clarify their position and to allow readers, reviewers and editors to challenge their appraisal. Further, the reporting of authors' appraisals does not imply that readers should follow the authors' recommendations. Fourth, the reproducibility of the tool is not optimal. Therefore, the assessment of applicability must result from a consensus of different investigators participating in the trial. Fifth, the quality of the depiction of the applicability of the trial will depend on the quality of the process used to appraise the applicability. Therefore, complete transparency in the process is essential, and the figure must clearly indicate whether it represents the assessment of one surgeon or several surgeons, physicians, anesthetists, for example. In fact, readers will probably have less confidence if the figure represents only one investigator's belief but more confidence if it represents the consensus of several investigators with varied expertise. If no consensus is obtained, this could be specified in the article. Sixth, the process to complete this tool could be considered time-consuming. However, the process requires only that each investigator complete the checklist, which takes less than 10 minutes, and to organize a 1-hour meeting to obtain consensus. To help investigators complete the tool, we will provide free access to a web-based program that will allow for automatic collection of investigators' assessments and automatic construction of the figures. Further, the effort required to use this tool should be weighed in terms of the importance of providing a clear assessment of the applicability of trial results. Finally, the time necessary to complete this process is minimal in light of the time and energy spent planning the trial; obtaining funding; recruiting, treating, and following patients; performing data entry, management, and analysis; and writing the manuscript.
Some other authors have highlighted the need to develop new tools to appraise the applicability of trial results. For example, Perera and colleagues have proposed graphical methods for depicting RCTs of complex interventions to clarify the basic structure of the experimental and control intervention [16] . Several authors have proposed a checklist to appraise the applicability of results in different contexts [12, 17] . However, to our knowledge none of these tools were an investigator-based assessment of the applicability of trial results. Finally, Thorpe and colleagues developed the pragmatic-explanatory continuum indicator summary (PRECIS) [18, 19] . This tool aims to help trialists appreciate the degree to which their trial is a pragmatic or an explanatory trial when planning their trial. Although the concepts of pragmatic/explanatory and applicability are very close, the purpose of our tool clearly differs.
Our study has several limitations. First, the representativeness of the RCTs evaluated could be questionable. We evaluated the applicability of only one-third of the surgical RCTs with published results and indexed in 2009. Second, we focused on only surgeons' evaluations. The appreciation of applicability by clinicians such as anesthetists could be different. Therefore, the consensus process should involve investigators with different expertise (surgeons, anesthetists). Third, the threshold to decide to include an item in the final checklist could seem arbitrary. However, developing a checklist with this method always involves use of an arbitrary threshold. We did not choose a more stringent threshold (more than 50%, or only items considered as essential) because we felt that we would exclude important items that might require attention in half of published or ongoing trials and would not be in the tool. To counterbalance this arbitrary choice, this tool should be tailored for each trial. For example, if an item considered important by investigators is not in the tool, the investigators should add it. Similarly, if an item in the tool is not relevant for the trial results being evaluated, the item could be deleted. Fourth, applicability is a complex and multidimensional concept. Its interpretation is difficult and could depend on the conclusions of the RCT. We included all reports of surgical RCTs in our survey without taking into consideration the trial results. An outcome not favoring the surgical procedure tested may have modified the interpretation of the applicability of results. Further, surgeons may undereestimate the importance of some items, particularly those related to patients and centers. In our survey, surgeons considered co-morbidities and co-medications of patients essential for only 13% of surgical RCTs. Finally, the impact of this tool will need to be validated in further studies.
In conclusion, the issue of the applicability of results is important to consider for surgical trials. We developed a tool assessing and depicting the applicability of results of a surgical RCT according to the investigators' perspective. This new tool could 1) help the reader judge what needs attention before applying the results of a surgical RCT to their own clinical practice [20, 21] and 2) help researchers, systematic reviewers, and investigators discuss and criticize the applicability of the RCT results.
Supporting Information
Text S1 The search strategy to identify the most relevant items. (DOCX) Figure 3 . Hypothetical examples of randomized controlled trials. Figure 3a is an example of a trial with restricted applicability: ''Short-term outcomes from a prospective randomized trial comparing laparoscopic and open surgery for colorectal cancer''. Figure 3b is an example of a trial high applicability: ''Cemented versus Uncemented Hemiarthroplasty for Displaced Femoral Neck Fractures''. The center of the ''wheel'' represents restricted applicability (1) and the other end of the ''wheel'' represents high applicability (9) . Each axis represents one item rated on a scale from 1 (center of the ''wheel'') to 9 (other end of the ''wheel''). Items scored #3 were considered essential to consider before applying the results of the RCT to clinical practice; items scored between 4 and 6 were considered as requiring attention before applying the results to clinical practice; items scored $7 were considered as being inconsequential for applying the results to clinical practice. doi:10.1371/journal.pone.0042258.g003
